

INVESTOR IN PEOPLE 



The Patent Office 
Concept House 
Cardiff Road 
Newport 
South Wales 
NP10 8QQ 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
'•public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 

In accordance with the rules, the words "public limited company" may be replaced by p.l.c, 
pic, P.L.C. or PLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rales. 



Slgned HsJi&J CtA£C 
Dated 9 September 200: 




Best Available Copy 

An Executive Agency of the Department of Trade and Industry 



\ 



tents Form- 1/77 , 



Dts Act 1977 
16) 



Request for grant 

(See the notes on the back of this 
explanatory leaflet from the Patent 
this form) 




1/77 



The Patent Office 
Cardiff Road 
Newport 
Gwent NP9 1KH 



Your reference 



3.76322 



2. Patent application number 

(The Patent Office will fill in this part) 



0220681.1 



«S£M2 £716235 I 300CK 



P01/7700 0,00-0220681.1 



3. 



Full name, address and postcode of the 
or of each applicant (underline aU surnames) 



Borealis Technology OY 
PO Box 330 
Fin-06101 Porvoo 
Finland " 



F 5 %lf 



Patents ADP number (if you know it) 



If the applicant is a corporate body, give 
country/state of incorporation 



Finland 



4. Title of the invention 



Process 



5- Name of your agent (if you have one) 



Frank B. Dehn & Co, 



"Address for service" in the United Kingdom 
to which all correspondence should be sent 

(including the postcode) 

Patents ADP number (if you know it) 



179 Queen 
London 
EC4V 4EL 

16600i 



Victoria Street 



6. If you are declaring priority from one or more 
earlier patent applications, give the country 
and the date of filing of the or of each of these 
earlier applications and (if you know it) the or 
each application number 


Country Priority application number 
((f you know it) 


Date of filing 
(day / month /year) 


7. If this application is divided or otherwise 
derived from an earlier UK application, 
give the number and the filing date of 
the earlier application 


Number of earlier application 


Bate of filing 
(day / month /year) 



Is a statement of inventorship and of right 
to grant of a patent required in support of 
this request? (Answer Ves'tf: 

a) any applicant named in part 3 is not an inventor, or 

b) there is an inventor who is not named as an 
applicant, or 

c) any named applicant is a corporate body. 
See note (d)) 



yes 



76322.615 



PROCESS 



This invention relates to a process for the 
preparation of an unsupported single site catalyst, to 
the use of the catalyst in olefin polymerisations and to 
the catalyst per se. In particular, the invention 
describes the use* of an aluminoxane co-catalyst and 
Lewis base to form a particulate suspension which is 
subsequently reacted with a single site complex to form 
the catalyst species. 

Many processes and catalysts are known for the 
preparation of homo and co-polymeric olefins. Ziegler- 
Natta catalyst compositions, developed in the 1950s, 
were found to be particularly useful in the preparation 
of polyolefins due to their high activity. As an 
alternative to Ziegler-Natta species Phillips developed 
catalyst systems based around chromium oxide compounds . 

More recently, single-site catalysts, e.g. 
metallocenes , have been used to prepare polyolefins 
since they allow the preparation of polymers having 
narrow molecular weight distribution and compositional 
uniformity. Moreover, these features may be readily 
controlled 'using single site catalysts. 

In the last few years, single-site catalysts have 
been supported on inorganic or polymeric supports and 
used in heterogeneous catalysis. Such supported 
catalyst species are known to perform better than their 
corresponding non- supported analogues since, inter alia, 
they give rise to polymer particles having better • . 
morphology. At present, supported single- site 
catalysts are routinely used in olefin polymerisation. . 
Supports used may be polyolefinic or inorganic but it .is 
conventional to use a silica or alumina support. > 
However, the preparation of supported catalysts is 
complicated and expensive. Before most supports can be 
impregnated with the actual single site species it is 



necessary to calcinate the support. In this process the 
support is exposed to temperatures of up to 8 00°C so as 
to remove surface hydroxyl groups which could interfere 
with catalyst loading and subsequent polymerisation. 
Once calcination has occurred the single site catalyst 
needs to impregnated into the support. This process 
often results in catalyst wastage and of course requires 
the support to be' porous . Moreover, catalyst left on 
the surface of a support rather than in a pore can cause 
hotspots in a reactor during polymerisation. Finally, 
the supports used are also expensive as they need to be 
pure and porous and also are made of potentially 
expensive material. Nevertheless, the skilled polymer 
chemist still prefers to use supported catalysts despite 
the- above limitations due to the improvements in polymer 
properties which result . 

It would be desirable however, if polymerisation 
could take place in the absence of a supported catalyst 
but still give rise to polymer particles which have the 
excellent particle morphology normally realised with a 
supported species. -Also, polymers made using 
unsupported catalysts will obviously be free from any 
residual carrier material. In certain applications, 
e.g. film applications this may be important since in 
polymers made using conventional supported catalysts, 
particles of the carrier may be visible in the film. 

It is generally believed that it is very difficult 
to obtain good particle morphology using ari unsupported 
catalyst however the present inventors have surprisingly 
found that good particle morphology in the eventual 
polymer can be obtained when the catalyst is made by 
forming particles from the reaction of an aluminoxane 
with a Lewis base in a hydrocarbon solvent • 
Subsequently, the resulting particles may be reacted 
with a single site complex to form a suspension of small 
catalyst particles which may be used as an olefin 
polymerisation catalyst . • 
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Whilst aluminoxane is a very common co-catalyst for 
olefin polymerisation and Lewis bases have been 
routinely used in polymerisations, never before has it 
been suggested that they may be used to form a 
5 suspension which may act, in combination with the single 
site complex, as a catalyst. . 

For example,, in EP-A-630910 the use of a Lewis base 
in an olefin polymerisation is described however, the 
Lewis base is present to control the activity of the 
10 reaction rather than to form particles. 

In WO 98/20045 certain Lewis bases are described as 
antifouling agents- In US 5892 079 neutral Lewis bases 
are suggested as additives to accelerate the rate of 
polymerisation. 

15 Thus, viewed from one aspect the invention provides 

a process for the preparation of an olefin 
polymerisation catalyst comprising: 

a) reacting an aluminoxane and a Lewis base in an 
optionally halogenated hydrocarbon solvent to form a 

20. particulate suspension; 

b) reacting said suspension with a metallocene 
complex in a hydrocarbon solvent; and optionally 

c) isolating the resulting olefin polymerisation 
catalyst . 

, 2 5 Viewed from another aspect the invention provides a 

catalyst obtainable by, e.g. obtained by, a process as 
hereinbefore described. 

Viewed from another aspect the invention provides 
the use of a catalyst as hereinbefore described in 
30 olefin polymerisation. 

Viewed from a still yet further aspect the 
invention provides a process for the preparation of 
polyolef ins comprising polymerising at least one olefin 
in the presence of an olefin polymerisation catalyst as 
35 hereinbefore described. 

The ' aluminoxane employed in the manufacture of the 
particle suspension can be any conventional aluminoxane 



as is known in the art . 

Aluminoxanes are compounds with alternating 
aluminium and oxygen atoms generally compounds of 
formula I or II 

R 2 Al- (O-AlR) p -0-AlR 2 
RA1~-- (O-Al R) p -Q-AlR 

where each R, which may be the same or different, is a 
C^io alkyl group, and p is an integer having a value 
between 0 and 40) . These compounds may be prepared by 
reaction of an aluminium alkyl with water. The 
production and use of aluminoxanes is described in the 
patent literature, especially the patent applications of 
Texas Alkyls, Albemarle, Ethyl, Phillips, Akzo Nobel, 
Exxon, Idemitsu Kosan, Witco, BASF and Mitsui, 

Traditionally, the most widely used aluminoxane is 
methylalumoxane (MAO) , an aluminoxane compound in which 
the R groups are methyls. Efforts have been made, 
however, to use aluminoxanes other than MAO. Thus, for 
example W098/32775 (Borealis) proposes the use of 
metallocene procatalysts with alumoxanes in which R is a 
C 2 _io alkyl group, eg hexaisobutylalumoxane (HIBAO) . In 
the present invention, it is preferred if the 
aluminoxane is MAO. 

The optionally halogenated hydrocarbon solvent to 
be used in the first stage of the process must be one in 
which the reaction product of the Lewis base and 
aluminoxane is insoluble or only slightly soluble. This 
ensures the formation of a suspension. Suitable 
hydrocarbons therefore include C 4 _ 12 -alkanes such as 
isobutane, pentane, hexane, heptane and octane, aryl 
hydrocarbons such as benzene, toluene and xylene and 
halogenated aikane/aryl hydrocarbons such as 
dichloromethane , dichloroethane , dichloropropane , 
chlorobenzene, dichlorobenzene and trichlorobenzene . • 
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Mixtures of any of these solvents may also be employed. 
Preferably the solvent is aromatic, e.g. xylene. A 
particularly preferred solvent is toluene. 

Whilst the solvent used in stage (b) of the process 
of the invention may be different from that employed in 
the first stage and may therefore be selected from any 
of those listed above, it is preferable if the same 
solvent is employed. 

The Lewis base to be reacted with the aluminoxane 
is preferably an organic Lewis base and must comprise at 
least one free/ lone pair of electrons. Preferably, the 
Lewis bases of use in the invention comprise aliphatic 
or aromatic amines, alcohols, thiols, aldehydes, 
ketones, carboxylic acids or ethers. These compounds 
may contain up to 2 0 carbon atoms, e.g. up to 10 carbon 
atoms. Particularly suitable Lewis bases include 
phenol, benzyl alcohol, aniline, benzylamine etc. In an 
especially preferred embodiment the Lewis base comprises 
at least two groups, either the same or different, 
comprising free lone pairs e.g. aliphatic or aromatic 
diamines or diols, triols, hydroxy ethers, etc or 
mixtures thereof. These compounds may contain up to 2 0 
"carbon atoms, e.g. up to 10 carbon atoms. Especially 
preferably therefore, the Lewis base is ethylene glycol, 
glycerol , triethanolamine , butanediol , 4 , 4 f - 
isopropylidenediphenol, 3-hydroxypropylene oxide and 
1 , 4 -butanediol diglycidyl ether . * 

' The ratio of Lewis base to metallocene can vary 
over a wide range but should be carefully controlled to 
ensure the formation of advantageous particles. 
Ideally, the ratio of aluminium in the aluminoxane to 
Lewis base is 1 to 10 0 mol/mol, preferably 5 to 4 0 
mol/mol, especially 10 to 25 mol/mol. Higher ratios of 
aluminoxane to Lewis base may be employed especially 
when tri or higher "lone pair" f unctionalised Lewis 
bases "are employed. 

The solvent used for the Lewis base can be the same 
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or different as for the aluminoxane solution. The 
choice and amount of the solvent for the Lewis base 
depends on its solubility. The desired concentration 
will be set by the temperature of the solution so that 
the Lewis base is preferably dissolved. 

The reaction of Lewis base and aluminoxane may take 
place at atmospheric pressure. The reaction temperature 
and time can vary' over a wide range depending on the 
Lewis base employed but are preferably between -10 °C to 
80°C and 1 to 48 hours, especially between 40 to 70°C, 
e.g. 55°C and 2.0 hours to 25 hours, respectively. 

By "metallocene" is here meant an n-ligand metal 
complex, e.g. an "open sandwich" or "half sandwich" 
compound in which the metal is complexed by a single n- 
ligand, a "sandwich" compound in which the metal is 
complexed by two or more n-ligands, a "handcuff" 
compound" in which the metal is complexed by a bridged 
bis-n-ligand or a "scorpionate" compound in which the 
metal is complexed by an n-ligand linked by a bridge to 
a a-ligand. 

Suitable metallocene complexes for inclusion in the 
catalyst of the invention include cyclopentadienyl , 
indenyl and f luorenyl species which are well known in 
the art. Example's of further n-ligands abound in the 
patent literature relating to metallocene and pseudo 
metallocene olefin polymerization (pro) catalysts, in 
particular that deriving from Exxon, Hoechst, Phillips, 
Dow, Chisso, Mitsui, Fina, BASF, Mitsubishi, Mobil, 
Targor, DSM and Borealis, eg WO96/23010, WO98/49208, 
WOS9/12981, W099/19335, WO97/28170, EP-A-423101, EP-A- 
53713 0, etc. as well as "Metallocenes" Vol. 1, Togni and 
Halterman (Eds.) Wiley- VCH, . 1998 . 

Preferred metallocene complexes are 
bis (cyclopentadienyl) compounds wherein the 
cyclopentadienyl ring may comprise substituents such as 
siloxy groups or alkyl groups . A particularly preferred t 
compound is bis (n-Bu-cyclopentadienyl) zirconium 
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dichloride . 

The metal of use in the metallocene is selected 
from groups 3 to 8 of the periodic table, especially 
groups 4, 5 and 6. Suitable metals therefore include 
5 titanium, zirconium, hafnium and vanadium. The metals 
are typically coordinated to the n-ligands and also to 
sigma ligands such amido, halo or hydrogen. Chloro 
sigma ligands are' most preferred. 

The amount of metailocene added to the suspension 
10 is linked to the amount of aluminoxane. The molar ratio 
between aluminium in the aluminoxane and the transition 
metal in metallocene can be in the range 1:1 to 10 B :1. 
Typically however, the ratio is between 10:1 and 10 5 :l, 
preferably 20:1 to 1000 .-1, especially 50:1 to 100:1. 
15 Conveniently, the addition of the metallocene to the 
suspension formed in part (a) of the process of the 
invention occurs at the same temperature as the reaction 
of the aluminoxane and Lewis base. Process step (b) of 
the process of the invention may take from 1 to 5 hours, 
2 0 preferably 2 hours. 

The size of the resulting catalyst particles 
varies, inter alia, depending on the reaction equipment, 
how the reaction is performed (e.g. reaction 
temperature, component addition speed etc) , stirring 
25 during reactant addition and stirring during reaction. 
More vigorous stirring gives rise to smaller catalyst 
.particles. Lower reaction temperatures and slower 
component addition speeds give larger particles. 
Stirring of the reaction mixture is conveniently carried 
out using an anchor stirrer which may rotate at 100 RPM 
to 300 RPM, e.g. 250 RPM. 

The olefin to be polymerized by the olefin catalyst 
of the invention may be ethylene, propylene or a mixture 
of ethylene or propylene and another C 2 . 10 a-olefin, for 
35 example, ethene, propene, n-but-l-ene, n-hex-l-ene, 4- 
methyl-pent-l-ene,. n-oct-l-ene etc. The olefins 
polymerized may also include any compound which includes 
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unsaturated polymer iz able groups. Thus for example 
unsaturated compounds, such as C 6 . 20 olefins (including 
cyclic and polycyclic olefins (e.g. norbornene) ) , and 
polyenes, especially C 6 . 20 dienes, may be included in a 
comonomer mixture with lower olefins, e.g. C 2 _ 5 ct- 
olefins. Diolefins (ie. dienes) are suitably used for 
introducing long chain branching into the resultant 
polymer. Examples of such dienes include a,&> linear 
dienes such as 1, 5-hexadiene, 1, 6-heptadiene, 1,8- 
nonadiene, 1, 9-decadiene, etc. Preferably the olefin to 
be polymerised' in ethene. 

The catalysts of the invention may be used ' in 
solution, slurry or gas phase polymerisations ' and such 
polymerisations are well-known in the art. Slurry 
polymerisations are preferred and may be carried out* in 
a loop reactor or continuous stirred tank reactor. For 
loop reactors, the reaction temperature will generally 
be in the range 60 to 110°C (e.g. 85-110°C) , the reactor 
pressure will generally be in the range 5 to 80 bar 
(e.g. 50-65 bar) , and the residence time will generally 
be in the range 0.3 to 5 hours (e.g. 0 . 5 to 2 hours) . 
The diluent used will generally be an aliphatic 
hydrocarbon having a boiling point in the range -70 to 
+100 °C. In a preferred embodiment, polymerization is 
effected under supercritical conditions. Under such 
conditions the diluent is preferably propane. 

In gas phase reactors, the reaction temperature 
used will generally be in the range 60 to 115 °C (e.g. 70 
to 110°C) , the reactor pressure will generally be in the 
range 10 to 25 bar, and the residence time will 
generally be 1 to 8 hours. The gas used will commonly 
be a non-reactive gas such as nitrogen together with 
monomer (e.g. ethylene). 

Hydrogen may be used to control the molecular 
weight of polymer components as is known. 

The polymers produced by the process of the 
invention may be utilised- in a variety of fields such as 



in the manufacture of films, pipe, sheets, tubes, 
containers, etc. The polymers are therefore suitable 
for blow moulding, injection moulding, rotomoulding etc. 

In a preferred embodiment, the catalyst of the 
invention is prepolymerised prior to being used in a 
main polymerisation stage. It is believed that a 
prepolymerisation stage may allow improvements in 
particle morphology. Prepolymerisation is effected as 
is known in the art by contacting the initially formed 
catalyst with a monomer or monomers and allowing a small 
amount of polymerisation to take place. Suitable 
monomers are. ethylene, propylene etc however, in a 
preferred embodiment the olefin employed is one which 
gives rise to a polymer of higher melting point than 
that of the main polymerisation. Suitable monomers in 
this regard are 3 -methylpentene and vinyl cyl ohexane . 

Viewed from a further aspect the invention provides 
a process for the preparation of a prepolymerised olefin 
polymerisation catalyst comprising: 

a) reacting an aluminoxane and a Lewis base in an 
optionally halogenated hydr.ocarbon solvent to form a 
particulate suspension; 

b) reacting said- suspension with a metallocene 
complex in an optionally halogenated hydrocarbon solvent 
to form a catalyst; 

c) prepolymerising said catalyst in the presence 
of an olefin; and optionally 

d) isolating the prepolymerised catalyst. 
The invention is further described below with 

reference to the following non-limiting examples. 

Example 1 - Comparative 

20.4 ml of 30% MAO was mixed with 0.188 mg of bis (n- 
butylcyclopentadienyl) zirconium dichloride (Al/Zr = 200) 
in 5.1 ml* of toluene. The reaction was allowed to run 
for 2 hours at room temperature. 15.8 ml of- this 
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complex was added to 10.2 g of Sylopol 55SJ Silica and 
mixed for 2 h at room temperature. The product was 
dried under nitrogen at a maximum of 70 °C. 

Example 2 - Unsupported datalyst 

1.62 g of bisphenol-A in 13 0 ml of toluene was added 
slowly to 14.2 g of 30% MAO solution. The mixture was 
stirred for 20 h at 250 RPM and 55 °C during which time 
solid particles were formed. 0.144 g of bis (n- 
butylcyclopentadienyl) zirconium dichloride (Al/Zr = 200) 
in 2 0 ml toluene was added to the reaction mixture and 
stirred for 2 h at 55°C. After drying 6 . 2 g of catalyst 
was collected. 

Example 3 - Unsupported catalyst prepolymerised 

1.62 g of bisphenol-A in 130 ml of toluene was added 
slowly to 14.2 g of 3 0% MAO solution. The mixture was 
stirred for 20 h at 55°C during which time solid 
particles were formed. 0.144 g of bis (n- 

butylcyclopentadienyl) zirconium dichloride (Al/Zr = 200) 
in 20 ml toluene was added to the reaction mixture and 
stirred for 2 g at 55°C. After drying 6.2 g of catalyst 
was collected. Prepolymerisation was carried out at 
room temperature by adding slowly 6 g of 
vinylcyclohexane into the catalyst /toluene suspension 
and mixing for one hour. After drying 10 g of 
prepolymerised catalyst was collected. 

Example 4 - Polymerisation 

Bench scale slurry polymerisations were carried out in a 
2L reactor using the Isobutane, 1000ml, ethylene monomer 
(7.5 bar) at a total pressure of 23.5 bar, run time 60 
mins at 85°C. 
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Activity Comments 
(kgPE/gcath) 

1.5 Good Morphology, no fouling 

0-7 No fouling, morphology acceptable 

with some bigger particles 
2 -0 Slight fouling, morphology, acceptable 
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1. A process for the preparation of an olefin 
polymerisation catalyst comprising: 

a) reacting an aluminoxane and a Lewis base in an 
optionally halogenated hydrocarbon solvent to form a 
particulate suspension; 

b) reacting said suspension with a metallocene 
complex in an optionally halogenated hydrocarbon 

.solvent; and optionally 

c) isolating the olefin polymerisation catalyst. 

2. A process as claimed in claim 1 wherein said 
aluminoxane is MAO. 

3 . A process as claimed in any one of claims 1 or 2 
wherein the optionally halogenated hydrocarbon solvent 
used during step a) is an optionally halogenated C 4 _ 12 
alkane or C 6 _ 12 arylene. 

4. A process as claimed in claim 3 wherein said 
hydrocarbon solvent is toluene or xylene. 

5 . A process as claimed in any one of claims 1 to 4 
wherein the solvent employed in step b) is the same as 
that employed in step a) . 

6. A process as claimed in any one of claims 1 to 5 
wherein said Lewis base is an aliphatic or aromatic 
amine, alcohol, thiol, aldehyde, ketone, carboxylic acid 
or ether or mixture thereof.' 

7.. A process as claimed in claim 6 wherein said Lewis 
base is phenol, benzyl alcohol, aniline or benzylamine 
or mixture thereof. 

8. A process- as claimed in claim 6 wherein said Lewis 
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base aliphatic or aromatic diamines, diol, triol, 
hydroxy ether or mixtures thereof. 

9 . A process as claimed in claim 8 wherein said Lewis 
base is ethylene glycol, glycerol, triethanolamine, 
butanediol , 4 , 4 1 - isopropylidenediphenol , 3 - 
hydroxypropylene oxide or 1 , 4 -butanediol diglycidyl 
ether. 

10 . A process as claimed in any one of claims 1 to 9 
wherein the ratio of aluminium in he aluminoxane to 
Lewis base is 5 to 40 mol/mol. 

11 . A process as claimed in any one of claims 1 to 10 
wherein the metallocene complex is bis (n-Bu- 
cyclopentadienyl) zirconium dichloride. 

12 . A process as claimed in any one of claims 1 to 11 
wherein the molar ratio between aluminium in the 
aluminoxane and the transition metal in metallocene is 
in the range 20:1 to 1000:1. 

13. A catalyst obtainable a process as claimed in .any 
one of claims 1 to 12. 

14 . The use of a catalyst as claimed in claim 13 in 
olefin polymerisation. 

15. A process for the preparation of polyolefins 
comprising polymerising at least one olefin in the 
presence of an olefin polymerisation catalyst as claimed 
in claim 13 . 

16. A process for the preparation of a prepolymerised 
olefin polymerisation catalyst comprising: 

a) reacting an aluminoxane and a Lewis base in an 
optionally substituted hydrocarbon solvent to form. a 
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particulate suspension; 

b) reacting said suspension with a metallocene 
complex in an optionally substituted hydrocarbon solvent 
to form a catalyst ; 

c) prepolymerising said catalyst in the presence 
of an olefin; and optionally 

d) isolating the prepolymerised catalyst. 




- 15 - 
Abstract 



Process 

A process for the preparation of an olefin 
polymerisation catalyst comprising: 

a) reacting an aluminoxane and a Lewis base in an 
optionally halogenated hydrocarbon solvent to form a 
particulate suspension; 

b) reacting said suspension with a metallocene 
complex in an optionally halogenated hydrocarbon 
solvent; and optionally 

c) isolating the olefin polymerisation catalyst. 
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